The broad involvement of miRNAs in critical processes underlying development, tissue homoeostasis and disease has led to a surging interest among the research and pharmaceutical communities. To study miRNAs, it is essential that the quantification of microRNA levels is accurate and robust. By comparing wild-type to small RNA deficient mouse embryonic stem cells (mESC), we revealed a lack of accuracy and robustness in previous published multiplex qRT-PCR techniques. Here, we describe an optimized method, including purifying away excessive primers from previous multiplex steps before singleplex real time detection, which dramatically increases the accuracy and robustness of the technique. Furthermore, we explain how performing the technique on a microfluidic chip at nanoliter volumes significantly reduces reagent costs and permits time effective high throughput miRNA expression profiling.
RNA-Extraction: Serum
• Add 375 μl of 2-mercaptoethanol to the 2X Denaturing Solution and mix well.
• Add 21 ml of 100% ethanol to the miRNA wash Solution 1.
• Add 40 ml of 100% ethanol to the miRNA wash Solution 2/3.
Sample Preparation:
• Thaw serum sample on ice. Note: Pre-Amplification is necessary to enhance signal strength, especially when starting concentration of RNA is limited. The input RNA level determines the optimal number of Pre-PCR cycles. Given the same relative efficiency each PCR cycle should double the concentration of the final product. Since some miRNAs will be more highly expressed, avoid over cycling. However, under-amplification can result in a loss of detection sensitivity, especially for microRNAs expressed at low levels. In our hands 12 pre amplification cycles, using 100ng of total RNA, appeared sufficient. Using serum as starting material, 12 cycles results in detectable miRNA levels, but 15 cycles appeared to be superior. Finally, starting with 3 oocytes (roughly 400 pg total RNA per oocyte e. Re-Extract cDNA 12. Add 300 μl TEN-Buffer and incubate at 37 °C for 4 hours on a rotator. 13 . Transfer fluid to a labeled collection tube, add another 300 μl TEN-Buffer to the gel-containing tube and incubate all at 4 °C overnight on a rotator. 14. Aspirate remaining liquid, transfer to the labeled collection tube as before and note the total recovered volume. Note: In our hands the exclusive enzymatic clean-up successfully removed primers but also led to partial degradation of the pre-amplified product, possibly due to partial denaturing of the short products as temperature rises up to 80 °C during the inactivation step of the enzyme. Avoiding heat inactivation and directly purifying the PCR products from the enzymatic reaction using spin columns removes any primer without product degradation. 
Discussion
miRNAs are short (18-24 nucleotides), non-coding RNAs, which regulate gene expression post-transcriptionally by both destabilizing messenger RNAs (mRNA) and inhibiting their translation. 6 The fact that at least one-third of human genes contain conserved miRNA binding-sites in their 3'UTR and the evident interactions of miRNAs with genes for pluripotency, proliferation and apoptosis suggests a critical contribution in cell fate decisions, tissue homeostasis and diseases such as cancer. 6, 7 Therefore accurate microRNA expression profiles are of broad interest.
To test the published multiplex qRT-PCR miRNA expression profiling protocol 2 we used small RNA deficient mESC as negative controls.
DGCR8
-/-cells are deficient of all canonical microRNAs, while Dicer -/-cells lack both canonical and non-canoncial micoRNAs. 8, 9 Comparing levels in wild type mES-to DGCR8 -/-cells, we uncovered a lack of accuracy as several expressed 10 microRNAs were not detected in the wild-type cells 11 . Some even showed lower expression levels relative to the knockout cells (Figure 3a) . We hypothesized that the lack of accuracy might be caused by the massive primer carry over of the two consecutive multiplex steps (RT and Pre-PCR) before singleplex RT-quantification. However, multiplex pre-amplification is necessary to enhance signal strength, especially when starting concentration of RNA is limited. By purifying away pre-PCR products from primers by size selection on native polyacrylamide gels (Figure 2 ), we could demonstrate a substantial improvement in accuracy by detecting more microRNAs and a loss of false positive signals in both Dgcr8
-/-and Dicer . Therefore an additional step to purify excessive primers away from pre-PCR product is clearly advantageous, especially when using large multiplex primer sets per sample.
The optimal number of pre-amplification cycles is determined by the input RNA concentrations. The balance to not under-or overamplify should be guided by particulars of the specific experiment.
With more than a thousand known microRNAs, use of standard 384-well plates may not be optimal for extensive microRNA profiling, especially when comparing multiple samples. The Fluidigm Dynamic Array IFC enables, with a significant decrease of pipetting steps and needed chemistry, testing up to 96 individual samples against 96 different microRNAs in a single experiment (9216 reactions) at nanoliter scale (6.7 nL). For each run the analysis software provides amplification curves, color-coded heat maps and cycle threshold values (Ct). The simultaneous large-scale profiling reduces experimental variances and allows for mean expression value normalization, which out-performs other normalization strategies that make use of small RNA controls. 12 Compared to commercially available 384 well platforms with pre-assigned TaqMan probes, the combination of a high-throughput profiling platform with custom-made primer sets offers high experimental flexibility.
The optimized multiplex qRT-PCR approach in combination with the Dynamic Array platform successfully allowed us to simultaneously screen 48 prostate cancer patient sera for alterations in levels of 384 miRNA ( Figure 4 ) and to normalize data without spike in controls (i.e. synthetic microRNAs).
11
Despite the increase of steps from samples preparation to profiling results, the described approach is a time-and cost-effective high throughput method to profile large sample sets for miRNA expression levels, even with limited starting material.
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